Introduction
The conform ational behaviour of some metallo cene complexes C p2M is very similar to that o f the alkanes, aside from exhibiting a five-fold torsional barrier [1] . The situation gets more complicated when going to bent metallocene complexes C p2M X 2. F o r a given substitution pattern the to r sional activation barrier originating from C p-substituent (R or H) interaction is large at the narrow backside o f the bent metallocene wedge and is decreased moving through the lateral posi tions up front to a central orientation above and below the X -M -X bisector. Rotating groups R (or hydrogen) from a lateral to a central position past the M -X vector may in additon be potential ly influenced by some Cp-substituent/er-ligand in teraction [2] , In an idealized way three different conform a tional types can be envisaged as the torsional po tential m inima of bent metallocene complexes bearing one alkyl-substituent (or similar group) at each cyclopentadienyl ring. These are depicted in Scheme 1 and can be characterized as bent m etal locene bis-central:syn (A), bis-lateral:anti (B), and central/lateral:gauche-like (C) conform ations. In the A-type rotam er the Cp-substituents R have reached their furthest vertical separation at the bent metallocene wedge whereas in the B-type ro tam er their horizontal separation is maximized. The gauche-like C-type arrangem ent then conse quently characterizes a relative Cp-substituent po sition marking a compromise between these two repulsive influences.
There are a variety of (R C p)2M X 2 complexes known whose solid state structures come close to one or the other of these idealized basic bent me-tallocene torsional isomers. Type A is found real ized in e.g. bis(benzylCp)2ZrC l2 [3] and in bis(methylcyclopentadienyl)vanadium-and -titaniumdichloride [4, 5] . In contrast, bulky rm -alkyl substituents at the Cp-rings favour the bislateral:anti orientation. Almost ideal B-type exam ples are bis(/m -butylcyclopentadienyl)zirconiumdichloride and many derivatives thereof [6] . Bis [( 1 '-methylcyclohexyl) cyclopentadienyl]ZrCl2 is another good example [7] . The C-type structure is much less frequently encountered. The bulky secalkyl substituents in one of the racem-like diastereomers of bis( 1 -neoisomenthylindenyl)zirconiumdichloride occupy positions at the planar chiral bent metallocene unit that come close to the R-group orientation in the gauche-like conformer C [8] .
We have now observed for a single (RCp)2M X 2 type com pound, namely bis(isopropylcyclopentadienyl)zirconiumdichloride (1), the presence of three different bent metallocene conform ers which come close to the three basic bent metallocene to r sional isomer types A, B, and C.
Results and Discussion
The known complex bis(isopropylcyclopentadienyl)zirconiumdichloride (1) was prepared by reacting isopropylcyclopentadienyl lithium (syn thesized by means o f hydride addition to 6,6-dimethylfulvene) with zirconium tetrachloride in toluene/thf [9] . It was characterized by elemental analysis (C, H), IR and (in solution) N M R spec troscopy. Both the 'H and 13C spectra indicate rap id rotation about the metal-cyclopentadienyl vec tor as is commonly observed for linear as well as bent metallocene complexes with a similar Cp-substitution pattern [10] . Rapid conform ation al equilibration on the N M R time scale results in the spectra of 1 being consistent with apparent molecular C2v-symmetry in solution.
Recrystallization from methylenechloride yield ed crystals suitable for the X-ray crystal structure analysis of 1. The results (for details see Table III) are shown in Fig. 1 ; fractional coordinates of all atoms are given in Table I . The asymmetric unit of the crystal structure contains three independent molecules, two of which are located about twofold axes with the central zirconium atom s at special positions (molecule 1 a and 1 b). N o symmetry re strictions are imposed upon the third molecule 1 c at general positions.
The structural features of la , lb , and l c are very similar, and the bond lengths and angles are within the range of expected values. All three zir conium atoms are pseudotetrahedrally coordinat ed. Selected distances and angles are given in Table II .
The conform ations of the three molecules differ in the relative orientation of the cyclopentadienyl rings, thus in the relative positions as well as in the rotational orientation of the isopropyl groups. In l a the two isopropyl groups are oriented above and below the Cl l a -Z r 1-C l la* plane, approximately bisecting the C l -Z r -C l angle. The Table I . Positional parameters o f 1. Cp-rings are oriented almost in an eclipsed confor m ation wherein the overall deviation from C2v symmetry is only marginal. This is evident from a deviation of only 3.6° for the dihedral angle D 1*-Zr 1 -D 1 -C la (- 1 7 6 .4 ) . In addition the torsion al angles around the bond C 1-C 6 differ consider ably ( C 5 a -C l a -C 6 a -C 7 a -34.2°, C 2 a -C l a -C 6a -C 8a 19.6°). Both Cp-rings in la are ar ranged at Zr 1 including an interplanar angle of 52.2°. This angle am ounts to 55.0° in 1 b. In 1 b the dihedral angle D 2 * -Z r 2 -D 2 -C lb is 120.2°. The isopropyl groups in this conform er are arranged towards the front of the bent metallocene wedge as com pared to e.g. bis(tef7-alkyl-Cp)metallocenedihalides in which the dihedral substituent an gles tend to be close to 90: [6, 7] . In addition to the different orientations of the Cp-rings about the central metal atom the isopro pyl groups at the Cp-rings are twisted slightly dif ferent in the three isomers (Table II) in accordance with the crystallographic independence of the three molecules 1 a, 1 b, and 1 c.
The X-ray crystal structure analysis o f 1 thus dem onstrates that the three general types o f con formational structures representing the minima on the bis(monoalkylcyclopentadienyl)metallocenedihalide energy surface seem to be energetically close in the (/-C3H 7-C 5H 4)2ZrC l2 system. Different from the reported prim-as well as terf-alkylCp-substituted systems there seems to be an al most perfect balance o f stabilizing and destabiliz ing effects between the sec-alkyl substituents and the bent metallocene building block that renders the observed three bent metallocene torsional iso mers energetically similar. Knowing this should be of relevance to assess the influence of many chiral secondary alkyl substituents on the bent metallo cene conform ational behaviour, which is of great importance for developing stereoselective catalytic processes based on bent metallocene stereochemis try [11] ,
Experimental Section
General conditions used for the preparation and characterization o f (RCp)2ZrC l2 complexes are as described previously [lib ] . See Table III for de tails concerning the X-ray crystal structure analy sis of 1.
Synthesis o f bis ( isopropylcyclopentadienyl)-zirconiumdichloride (1)
In a Schlenk flask 8.1 g (35 mmol) o f zirconium tetrachloride were suspended in 150 ml of toluene.
At 0 °C a solution o f 6.0 g (70 mmol) of isopropylcyclopentadienyl lithium in 200 ml of tetrahydrofuran was added dropwise. The reaction mixture was allowed to warm to ambient tem perature and then stirred for additional 14 h. Solvent was re moved in vacuo. The residue was extracted with 150 ml of methylenechloride and filtered. The fil trate was evaporated to dryness in vacuo and the remaining solid recrystallized twice from m ethy lenechloride at -3 0 °C to yield 3.8 g (29%) 1, 28.7 (isopropyl), 112.0, 114.6, 142.0 (cyclopentadienyl) . IR spectrum (KBr): v (cm-1) 3101, 2964, 2933, 1487, 1048, 1037, 853, 836, 817, 678 .
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